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FIELD OF INVENTION 
The present invention relates to communication networks. More specifically, it relates to 
a method for reducing interference from initializing network devices in a data-over-cable system. 



5 BACKGROUND OF THE INVENTION 

With the explosive growth of the Internet, many customers have desired to use the larger 
bandwidth of a cable television network to connect to the Internet and other computer networks. 
Cable modems, such as those provided by 3Com Corporation of Santa Clara, California, and 
others offer customers higher-speed connectivity to the Internet, an intranet, local area networks 
Q 10 ("LANs") and other computer networks via cable television networks. These cable modems 
2 4 currently support a data connection to the Internet and other computer networks via a cable 

q television network with a data rate of up to 30+ Mbps which is a much larger data rate than can 

£P 

j3 be supported by a modem used over a standard telephone line. 

y± The physical plant of the data-over-cable system may be divided into physically isolated 

5 ; 
3 

UJ 15 branches that distribute digital signals from a cable modem termination system ("CMTS") to 
S geographically distinct groups of cable modems. Typically, each branch carries the same 
downstream signal that serves all the cable modems, regardless of which branch they are on. By 
contrast, in the reverse or upstream direction, the cable modems on any given branch transmit to 
the CMTS with a set of common transmission parameters, which may differ from the upstream 
20 transmission parameters for another branch. Thus the transmissions to the CMTS on each 
branch are independent of the transmissions on the other branches. Typically, the transmissions 
on different branches do not interfere with each other because the branches are physically 
isolated from each other. 
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When a cable modem is connected to a data-over-cable system, it must first gain access 
to the system by undergoing an initialization procedure before it is permitted to transmit data. A 
part of the initialization procedure includes a ranging process to determine the appropriate 
transmission parameters for its data transfer. This process involves sending a ranging message at 
5 an appropriate time interval, referred to as the Initial Maintenance interval. 

In data-over-cable systems with more than one branch, the Initial Maintenance intervals 
for ranging on each branch are typically independent of each other. Unfortunately, this 
independence may cause ranging messages from one branch to interfere with upstream data 
transmissions on another branch. This interference occurs because an initializing cable modem 
□ 10 may not have sufficient information to identify to which branch it belongs. In the most typical 
2i arrangement of cable modem transmission parameters, the cable modems on each branch 
transmit upstream at a common transmission frequency. The common upstream transmission 

CP: 

7q frequency usually does not present a problem since the branches are physically isolated. When a 
M cable modem initializes, however, it examines the downstream transmissions and determines 

hi 15 when an Initial Maintenance interval is scheduled to occur. The problem is that the cable 

■P 

O modem may accept the Initial Maintenance interval for another branch and thus send out ranging 
messages at the wrong time for its branch. 

These mistimed ranging messages generally interfere with legitimate upstream data 
transmissions from the other cable modems on the branch. One solution to this problem is to 
20 arrange that the upstream transmission frequency for each branch is different. The CMTS is 
tuned to receive signals from each branch at the frequency appropriate for that branch. Then 
incorrect ranging signals are at a different frequency from the legitimate data transmissions, do 
not interfere with the data transmissions, and are rejected by the CMTS. In practice, however, 
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the limited bandwidth for upstream radio frequency propagation does not permit sufficient 
number of branches to be tuned to different frequencies. 

It is, therefore, desirable to reduce interference between ranging messages from 
initializing network devices on branches of a data-over-cable system and upstream data 
transmissions. 



SUMMARY OF THE INVENTION 

One aspect of the invention is a method for reducing interference from initializing 
network devices. The method includes aligning multiple maintenance intervals. Each of the 
maintenance intervals is associated with an upstream channel. The initializing network devices 
are instructed to range during the aligned maintenance intervals. 

Another aspect of the invention is a method for aligning the multiple maintenance 
intervals. The method includes determining a measure of common maintenance start time for the 
multiple maintenance intervals. A CMTS decides whether the measure of common maintenance 
start time falls within multiple usage intervals. Each of the multiple usage intervals is associated 
with an upstream channel. When the measure of common maintenance start time falls within the 
multiple usage intervals, the CMTS schedules the maintenance intervals to start at the measure of 
common maintenance start time. 

Another aspect of the invention is also a method for aligning the multiple maintenance 
intervals. The method includes determining a measure of common maintenance start time for the 
multiple maintenance intervals. The CMTS identifies a longest maintenance interval from the 
multiple maintenance intervals and calculates a number of maintenance intervals that can occur 
during the longest maintenance interval for each upstream channel. The CMTS decides whether 
the measure of common maintenance start time falls within multiple usage intervals. Each of the 
multiple usage intervals is associated with an upstream channel. When the measure of common 
maintenance start time falls within the multiple usage intervals, for each upstream channel of the 
plurality of upstream channels, the CMTS schedules the number of maintenance intervals to start 
at the measure of common maintenance start time. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other features and advantages of preferred embodiments of the present 
invention will be more readily apparent from the following detailed description, which proceeds 
with references to the accompanying drawings in which: 
5 FIG. 1 is a block diagram illustrating a basic architecture for a data-over-cable system; 

FIG. 2 is a block diagram illustrating a protocol stack for a cable modem in the data-over- 
cable system depicted in FIGURE 1 ; 

FIG. 3 is a block diagram illustrating a structure of a Request message that may be 
transmitted by a cable modem in the data-over-cable system of FIGURE 1; 
Q 10 FIG. 4 is a block diagram illustrating the structure of a MAP message transmitted by a 

CMTS in the data-over-cable system of FIGURE 1; 

FIG. 5 is a block diagram illustrating the structure of MAP Information Elements that 

U i 

y=l may appear in the MAP message of FIGURE 4; 

l=i FIG. 6 is a block diagram illustrating the structure of a UCD message transmitted by a 

iy 15 CMTS in the data-over-cable system of FIGURE 1 ; 

O FIG. 7 is a block diagram illustrating a typical architecture for a cable plant in the data- 

over-cable system depicted in FIGURE 1 ; 

FIG. 8 is a 'block diagram illustrating the structure of a ranging request message that may 
be transmitted by a cable modem in the data-over-cable system of FIGURE 1; 
20 FIG. 9 is a block diagram illustrating the structure of a ranging response message 

transmitted by a CMTS in the data-over-cable system of FIGURE 1; 

FIGS. 10A and 10B are a block diagram illustrating a message flow during cable modem 
initialization in the data-over-cable system depicted in FIGURE 1 ; 
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FIG. 1 1 is a flow diagram illustrating a preferred method for reducing interference from 
initializing network devices in the data-over-cable system depicted in FIGURE 1 ; 

FIG. 12 is a flow diagram illustrating a preferred method for aligning maintenance 
intervals in the method depicted in FIGURE 1 1 ; and 

FIG. 13 is a flow diagram illustrating an alternative preferred method for aligning 
maintenance intervals in the method depicted in FIGURE 1 1 . 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
The Internet, a world wide network of interconnected computers, provides multi-media 
content including audio, video, graphics, and text that customers may best experience over data 
connections to the Internet that have large bandwidths. But most Internet Service Providers 
("ISPs") typically allow customers to connect to the Internet via an analog serial telephone line 
from a public switched telephone network at data rates including 14,400 bps, 28,800 bps, 33,600 
bps, 56,000 bps, and others, which many customers find to be too slow. Therefore, customers 
are increasingly turning to other ways of connecting to the Internet that may provide data rates 
well in excess of those provided by analog telephone lines. 

One type of high bandwidth data connection is available from a cable television network. 
The cable television network can provide data services having data rates from about 1 0 Mega- 
bits-per-second ("Mbps") to 30+ Mbps per channel. Apart from having the advantage of already 
being installed in most metropolitan areas, the cable television network also serves a large 
number of subscribers over a large geographical area through a network of coaxial cables or 
Hybrid Fiber/Coaxial ("HFC") cables. Cable television networks include those provided by 
Comcast Cable Communications, Inc., of Philadelphia, Pennsylvania, Cox Communications of 
Atlanta, Georgia, AT&T Corporation of New York, New York, Time- Warner Cable, of Marietta, 
Georgia, Continental Cablevision, Inc., of Boston, Massachusetts, among others. Data-over- 
cable systems, also known to those skilled in the art as cable modem systems, typically use the 
cable television network already in existence in the geographical area. 

Background information related to cable modem systems in general is described in the 
Data-Over-Cable Service Interface Specifications ("DOCSIS") - Radio Frequency Interface 
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Specifications, Interim Draft, dated November 5, 1999, issued by Cable Television Laboratories, 
Inc. This document, known to persons working in the art, is incorporated by reference herein. 

FIG. 1 is a block diagram illustrating the basic overall architecture of a data-over-cable 
system. The system of FIG. 1 provides a mechanism by which a computer 10 connected, either 
5 directly or indirectly by intermediate networks, to a backbone network 12, may communicate 
with another computer 14 via a data-over-cable infrastructure indicated generally by reference 
numeral 16. The cable television infrastructure 16 includes a distribution hub or "head-end" 18 
that is connected to the backbone network 12 via a switch or router 20. The cable system head- 
end 18 is typically a central location in the cable television network that is responsible for 
□ 10 sending cable signals in the downstream direction as defined below. The head-end 18 modulates 

^ digital data from the backbone network 12 into analog form and supplies the analog signals to a 

iU 

^ fiber network 22, which is connected to a plurality of optical/electronic ("O/E") nodes 24. The 

lit 

~q O/E nodes 24 convert optical signals in the fiber network 22 to electrical signals for transmission 

3 

u over a coaxial cable network 26 to a cable modem 28 at the customer's location. The cable 



Ly 15 modem ("CM") 28 demodulates the analog signals, extracts the digital data, and supplies the data 



to the customer premise equipment ("CPE") 14. The CPE 14, in a typical situation, is a general 



purpose computer, but may alternatively be a multimedia display device or a point-of-sale 
terminal. 

The head-end 18 includes a cable modem termination system ("CMTS") 30. The CMTS 
20 30 provides a network side interface to a wide area network, indicated at 32, and a radio 
frequency ("RF") interface between the CMTS 30 and the cable network in both the downstream 
and upstream directions, indicated respectively at 34 and 36. As used in the present document, 
the term "downstream" refers to transmission in the direction from the head-end 18 or CMTS 30 



O 
n 



9 



to the cable modem 28 at the customer premises. The term "upstream" refers to transmission in 
the direction from the cable modem 28 to the CMTS 30. 

For transmission in the downstream direction, the CMTS 30 supplies data received from 
the computer 10 through the network 12 to a modulation circuit ("MOD") 37 and then to a 
combiner 38, which combines the data with video signals for the cable television system. The 
combined signals are sent to a transmission module 40 where they are imparted onto the fiber 
network 22. The O/E nodes 24 convert the signals from the fiber network 22 to electrical signals 
on the coaxial cable network 26. Together, the fiber network 22, O/E nodes 24, and coaxial 
cable network 26 are often referred to in the art as a Hybrid Fiber Cable ("HFC") network. 

In a typical two-way cable system, also termed a bi-directional cable system, a cable 
modem 28 will transmit data packets to the CMTS 30 over one or more upstream channels on the 
cable television network 22 and 26. In the upstream direction, data from the cable modem 28 
transmits data from the CPE 14 over the cable network 26 and 22, which is received at a receiver 
module 42. The receiver module 42 couples the upstream signal to a splitter and filter bank 44 
which separates the data signal from video signals for the cable television system and couples the 
data signal to a demodulation circuit ("DEMOD") 45 in the CMTS 30. A network termination 
unit 46 processes the data, sends the data to the switch or router 20, and routes the data onto the 
network 12 for transmission to the remote computer 10. 

A data packet may carry, as its payload, information that is sent from the CPE 14 and 
destined for the CMTS 30. The cable modem 28 adds overhead to the data packet to maintain 
the integrity of the payload. Examples of overhead include redundant bits for error correction 
and preambles. On the cable network 22 and 26 side of the cable modem 28, the cable modem 
28 transmits from and receives the data packet and overhead in the form of digitally modulated 
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radio frequency carriers. An exemplary bi-directional data-over-cable system includes customer 
premises equipment 14 (e.g., a customer computer), a cable modem 28, a CMTS 30, a cable 
television network 18, 22, 26, and a backbone data network 12 (e.g., the Internet). 

The preferred embodiments may be utilized with a bi-directional cable system. Cable 
modems and cable modem termination systems include those provided by 3Com Corporation of 
Santa Clara, California, Motorola Corporation of Schamburg, Illinois, Bay Networks of Santa 
Clara, California, Scientific-Atlanta of Norcross, Georgia, and others. 
Cable modem protocol stack 

FIG. 2 is a block diagram illustrating a protocol stack 50 for the cable modem 28. FIG. 2 
illustrates the downstream and upstream protocols used in the cable modem 28. As is known in 
the art, the Open System Interconnection ("OSI") model may be used to describe computer 
networks. The OSI model consists of seven layers including, from lowest-to-highest, a physical, 
data-link, network, transport, session, presentation and application layer. The network layer 
places routing information into the data packets. The data link layer transmits data packets. The 
physical layer transmits the data packets and overhead as bits over a communication link. 

For data transmission over a bi-directional data-over-cable system, the cable modem 28 
connects to the cable network 26 in a physical layer via a radio frequency ("RF") interface 52. 
In an exemplary preferred embodiment of the present invention, the RF interface 52 has an 
operation frequency range of approximately 50 Mega-Hertz ("MHz") to 1 Giga-Hertz ("GHz") 
and a channel bandwidth of approximately 6 MHz on the downstream channels. In another 
exemplary preferred embodiment of the present invention, which relates to a bi-directional data- 
over-cable system, the RF interface 52 has an operation frequency range of approximately 5 
MHz to 42 MHz on the upstream channels. Information on such interfaces may be found in 
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DOCSIS. However, other operation frequencies and bandwidths may also be used and the 
invention is not limited to these frequencies and bandwidths. 

The RF interface 52 preferably uses a signal modulation method of Quadrature 
Amplitude Modulation ("QAM"), although other methods may alternatively be used. As is 
known in the art, QAM is used as a means of encoding and decoding digital information over 
radio, wire, or fiber optic transmission links. QAM is a combination of amplitude and phase 
modulation and is an extension of multiphase phase-shift-keying. QAM can have any number of 
discrete digital levels typically including 4, 16, 64 or 256 levels. 

In one embodiment of the present invention, the RF interface 52 uses QAM-64 for 
downstream reception. In another embodiment of the present invention, upstream transmission 
uses QAM- 16 or Quadrature Phase-Shift-Keying ("QPSK"). For the upstream embodiment, the 
symbol rate of upstream transmission may be 160, 320, 640, 1,280, or 2,560 kilo-symbols per 
second ("ksym/sec") for 16-QAM, or 160, 320, 640, 1,280, or 2,560 ksym/sec for QPSK. 
However, other operating frequencies, modulation methods, and symbol rates may alternatively 
be used. Also, other RF interfaces 52 may be used and the present invention is not limited to 
interfaces complying with DOCSIS. 

Referring again to FIG. 2, above the RF interface 52 in a data-link layer is a Medium 
Access Control ("MAC") layer 54. As is known in the art, the MAC layer 54 controls access to 
a transmission medium via the physical layer. Information on the MAC layer protocol 54 may 
be found in DOCSIS. However, other MAC layer 54 protocols may alternatively be used and the 
preferred embodiments are not limited to MAC layer protocols as described in DOCSIS. 

Above both the downstream and upstream data-link layers in a network layer is an 
Internet Protocol ("IP") layer 58. The IP layer 58, hereinafter IP 58, roughly corresponds to OSI 
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layer 3, the network layer, but is typically not defined as part of the OSI model. As is known in 
the art, the EP 58 is a routing protocol designed to route traffic within a network or between 
networks. Additional information on the IP 58 may be found in the Internet Engineering Task 
Force ("IETF") standard Request For Comments ("RFC") 791 - Internet Protocol, dated 
September 1981, which is incorporated herein by reference. 

Also within the network layer of the protocol stack 50, an Internet Control Message 
Protocol ("ICMP") layer 56 is used for network management. The main functions of the ICMP 
layer 56, hereinafter ICMP 56, include error reporting, reachability testing (e.g., "pinging"), 
congestion control, route-change notification, performance, and subnet addressing. Since the IP 
58 is an unacknowledged protocol, datagrams may be discarded and the ICMP 56 is used for 
error reporting. Additional information on the ICMP 56 may be found in IETF standard RFC 
792 - Internet Control Message Protocol, dated September 1981, which is incorporated herein by 
reference. 

Above the EP 58 and the ICMP 56 is a transport layer with a User Datagram Protocol 
("UDP") layer 60. The UDP layer 60, hereinafter UDP 60, roughly corresponds to OSI layer 4, 
the transport layer, but is typically not defined as part of the OSI model. As is known in the art, 
the UDP 60 provides a connectionless mode of communication with datagrams. Additional 
information on the UDP 60 may be found in IETF standard RFC 768 - User Datagram Protocol, 
dated August 28, 1980, which is incorporated herein by reference. 

Above the network layer are a Simple Network Management Protocol ("SNMP") layer 
62, a Trivial File Transfer Protocol ("TFTP") layer 64, a Dynamic Host Configuration Protocol 
("DHCP") layer 66 and a UDP manager 68. The SNMP layer 62 is used to support network 
management functions. Additional information on the SNMP layer 62 may be found in IETF 
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standard RFC 1 157 - A Simple Network Management Protocol (SNMP), dated May 1990, which 
is incorporated herein by reference. The TFTP layer 64 is a file transfer protocol used to 
download files and configuration information. Additional information on the TFTP layer 64 may 
be found in IETF standard RFC 1350 - The TFTP Protocol (Revision 2), dated July 1992, which 
is incorporated herein by reference. The DHCP layer 66 is a protocol for passing configuration 
information to hosts on an IP 54 network. Additional information on the DHCP layer 66 may be 
found in IETF standard RFC 2131 - Dynamic Host Configuration Protocol, dated March 1997, 
which is incorporated herein by reference. The UDP manager 68 distinguishes and routes 
packets to an appropriate service such as a virtual tunnel known to those skilled in the art. More 
or fewer protocol layers may also be used with a data-over-cable system 16. 

An operating environment for the CMTS 30, cable modems 28, and other network 
devices of the present invention includes a processing system with at least one Central 
Processing Unit ("CPU") and a memory system. Preferably, a CPU controls the operations of 
the CMTS 30. In accordance with the practices of persons skilled in the art of computer 
programming, the preferred methods are described herein with reference to acts and symbolic 
representations of operations that are performed by the processing system, unless indicated 
otherwise. 

It will be appreciated that the acts and symbolically represented operations include the 
manipulation of electrical signals by the CPU. The electrical signals represent data bits that 
cause a resulting transformation or reduction of the electrical signal representation. The CMTS 
30, cable modems 28, and other network devices may maintain data bits at memory locations in 
their respective memory systems to reconfigure or otherwise alter their CPU's operation, as well 
as other processing of signals. The memory locations, such as random access memory ("RAM"), 
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are physical locations that have particular electrical, magnetic, or optical properties 
corresponding to the data bits, depending on the type of memory used. 

The data bits may also be maintained on a computer readable medium including magnetic 
disks, optical disks, organic disks, and any other volatile or non-volatile mass storage system 
readable by the CPU. The computer readable medium includes cooperating or interconnected 
computer readable media that exist exclusively on the processing system or are distributed 
among multiple interconnected processing systems that may be local or remote to the processing 
system. 

Upstream data transmission 

A cable modem 28 typically transmits on an upstream channel during a transmission 
mini-slot allocated by the CMTS 30. The upstream channel may be viewed as time-divided into 
a stream of mini-slots, each of which is a unit of granularity for upstream transmission 
opportunities. The CMTS 30 also times the mini-slots to prevent collisions between the 
transmissions from different cable modems by instructing the cable modems 28 to transmit 
alternately during the mini-slots. 

Before transmitting data, however, a cable modem 28 must first request permission to 
transmit from the CMTS 30. A cable modem 28 that wishes to transmit sends a Request 
message to the CMTS 30. FIG. 3 is a diagram illustrating a preferred structure of a Request 
message 70. The Request message 70 includes a frame control field 72 ("FC"), a bandwidth 
request field 74 ("REQ"), a service identifier field 76 ("SID"), and a MAC header check 
sequence field 78 ("HCS"). Descriptions for the Request message 70 fields are shown in Table 
1. 
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Request 
message 70 
Parameter 


Description 


FC 72 


Frame control. Identifies type 
of MAC message. 


REQ 74 


Total amount of bandwidth 
requested in mini-slots. 


SID 76 


Service Identifier for the 
cable modem 28 that sent 
the REQ message. 


HCS 78 


MAC header check 
sequence. 



Table 1 



The SID 76 is a unique identifier for the cable modem 28 that is requesting permission to 
transmit. The SID 76 may be assigned by the CMTS 30 when the cable modem 28 initializes 
and registers with the CMTS 30 as discussed below. The REQ 74 field contains a measure of 
how much bandwidth, i.e. how many mini-slots, the cable modem 28 requests for the 
transmission of its data to the CMTS 30. 

In response, the CMTS 30 builds an Upstream Bandwidth Allocation Map message 80 
("MAP") and transmits it via the downstream channel to all cable modems 28. Typically, the 
CMTS 30 receives requests from a number of cable modems 28 that wish to transmit and may 
allocate one or more transmission mini-slots to each of the cable modems 28. The MAP 
message 80 then informs each cable modem 28 of its permitted mini-slot(s) for transmission. 

FIG. 4 is a block diagram illustrating the structure of a preferred MAP message 80. The 
MAP message 80 includes a MAC management header field 82, an upstream channel identifier 
field 84, an upstream channel descriptor count field 86 ("UCD Count"), a number of elements 
field 88, a reserved field, an allocation start time field 90 ("Alloc Start Time"), an 
acknowledgement time field 92 ("Ack Time"), a ranging backoff start field 94, a ranging backoff 
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end field 96, a data backoff start field 97, a data backoff end field 99, and a MAP information 
elements field 100. Descriptions for the MAP message 80 fields are shown in Table 2. 



MAP message 80 
Parameter 


Description 


MAC Management 
Message Header 84 


The header of this message identifying 
it as a MAP message. 


Upstream Channel ID 
84 


The identifier of the upstream channel 
to which this message belongs. 


UCD Count 86 


Matched the value of the Configuration 
Change Count of the UCD which 
describes the burst parameters which 
apply to this map. 


Number of Elements 88 


Number of information elements in the 
map. 


Alloc Start Time 90 


Effective start time from CMTS 30 
initialization (in mini-slots) for 
assignments within this map. 


Ack Time 92 


Latest time, from CMTS 30 
initialization, (in mini-slots) processed 
in upstream. 


Ranging Backoff Start 
94 


Initial back-off window for initial ranging 
contention. 


Ranging Backoff End 
96 


Final back-off window for initial ranging 
contention. 


Data Backoff Start 


Initial back-off window for contention 
data and requests. 


Data Backoff End 


Final back-off window for contention 
data and requests. 


MAP Information 
Elements 100 


Encoded data blocks that designate 
the allocation of transmission mini-slots 
on the upstream channel. 



Table 2 



The MAP message 80 informs the cable modems 28 of the allocation of mini-slots for a 
scheduled upstream usage interval and when to begin the usage interval. In a given upstream 
usage interval, selections of the cable modems 28 alternately transmit on the upstream channel 
As is known in the art, each upstream usage interval is composed of transmission intervals, also 
referred to as "bursts," which comprise at least one mini-slot. 
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The upstream channel identifier field 84 within the MAP message 80 includes an 
identifier for the upstream channel to which the MAP message 80 applies. As is known to those 
of ordinary skill in the art, the data-over-cable system 16 may support upstream transmission on 
more than one upstream channel. For example, a common head-end 18 may serve more than one 
branch of the HFC network 22-26, and each branch may require a unique upstream channel for 
reasons of network configuration. In such a case, the Upstream Channel ID 84 may distinguish 
between the branches. Thus, the MAP message 80 intended for the cable modems 28 served by 
one branch may be distinguished from the MAP messages 80 for cable modems 28 on other 
branches by use of the Upstream Channel ID 84. 

The MAP Information Elements field 100 designates the order and duration of the 
transmissions from the cable modems 28 for the upstream channel. As described in DOCSIS, 
one element may describe each transmission. The Number of Elements field 88 contains the 
total number of such elements. FIG. 5 is a block diagram illustrating a preferred structure of the 
MAP Information Elements 100. Each interval includes a field for the SID 76 of the cable 
modem 28 that is permitted to transmit in that interval. The Interval Usage Code field 102 
("IUC") informs the cable modem 28 of the kind of upstream transmission that is permitted in 
the interval. The offset field 104 specifies when the transmission interval occurs. In this 
manner, the series of intervals permit the selection of cable modems 28 to deliver their data 
packets to the CMTS 30 without the transmissions colliding on the upstream path. 

The IUCs 102 are values that designate the type of transmission that is permitted in each 
interval. The cable modems 28 may be capable of several types of transmission. For example, 
the transmission may be for the purposes of ranging, allowing a cable modem 28 to compensate 
for delay on the cable network. Additionally, the transmission may be for the purpose of 



18 



delivering a data packet to the CMTS 30. Two types of data transmissions typically occur: a 
short data grant or a long data grant. These data grants correspond to IUCs 102 that are 
described in DOCSIS. For example, a short data grant may be appropriate when the CPE 14 
only has a small amount of data to transmit on the upstream channel, such as a few keystrokes or 
the opening of a hyperlink on a web page. A long data grant may be appropriate when the CPE 
14 requests to transfer a file through the backbone network 12. In this manner, the CMTS 30 
instructs the cable modem 28 when to transmit, on which upstream channel, and what type of 
data to transmit. 

It should be understood, however, as alternatives to the foregoing, that other field settings 
for the Request message 70, the MAP message 80, and the MAP Information Elements 100 
might be used. 

Parameters for upstream data transmission 

Additionally, the cable modem 28 may transmit data packets in adjacent mini-slots 
according to different transmission formats for the RF interface 52. Associated with the formats 
are parameters for data transmission. In one exemplary preferred embodiment of the present 
invention, the parameters for upstream data transmission include the symbol rate, the upstream 
channel frequency, the modulation type, the preamble, and Forward Error Correction ("FEC") 
parameters as described in Table 3. 



19 



Parameter for data 
transmission 


Description 


Frequency 


Center frequency of upstream 
channel (Hz). 


Symbol rate 


Multiples of base rate of 160 
ksym/sec. 


Modulation type 


QPSKor 16-QAM. 


Preamble 


Training sequence of bits 
used for automatic gain 
control and modulation. 


FEC level (T) 


Amount of redundant bytes 
that are added to correct for 
errors. 


FEC data coverage size (k) 


Amount of bytes over which 
error correction is to be 
performed. 



Table 3 



As is known in the art, FEC adds redundant bits to the data packet to detect, locate, and correct 
transmission errors. The FEC level ("T") is a measure of the amount of redundant data that must 
be added to the data packet to allow for error correction; A higher value of T provides a better 
level of error correction. The FEC data coverage size ("k") is a measure of the amount of 
information over which data correction is to be performed; For the same FEC level, an increase 
in the FEC data coverage size will result in more errors going uncorrected. It should be 
understood that many more data transmission parameters are possible and that the present 
invention is not restricted to the parameters described herein. 

Because each upstream channel may transmit according to a different transmission 
format, the cable modems 28 may undergo configuration so that their future transmissions occur 
according to a particular upstream format. The CMTS 30 may configure the cable modems 28, 
for example, by issuing an Upstream Channel Descriptor ("UCD") message. FIG. 6 is a block 
diagram illustrating a preferred structure of a UCD message 110. The UCD message 110 
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includes a MAC Management Message Header field 112, an upstream channel identifier field 
114, a configuration change count field 116, a mini-slot size field 118, a downstream channel 
identifier field 120, a type-length-value ("TLV") encoded channel descriptor field 122, and a 
TLV encoded burst descriptor field 124. Descriptions for the UCD message 110 fields are 
5 shown in Table 4. 



UCD message 110 
Parameter 


Description 


MAC Management 
Message Header 112 


The header of this message 
identifying it as a UCD message. 


Upstream Channel ID 
114 


The identifier of the upstream 
channel to which this message 
belongs. 


Configuration Change 
Count 116 


CMTS 30 increments by one 
whenever any descriptors change. 


Mini-Slot Size 118 


The duration of a mini-slot. 


Downstream Channel 
ID 120 


The identifier of the downstream 
channel on which this message has 
been transmitted. 


TLV Encoded Channel 
Descriptors 122 


Data blocks which describe the 
parameters for data transmission to 
be implemented for the overall 
channel. 


TLV Encoded Burst 
Descriptors 124 


Data blocks which describe the 
parameters for data transmission to 
be implemented for each burst. 



Table 4 



The upstream channel identifier field 114 typically contains a value that identifies the upstream 
channel to which the UCD message 110 applies. As with the upstream channel identifier field 
84 within a MAP message 80, the upstream channel identifier field 114 may distinguish 
10 upstream channels when there is more than one upstream channel. 

The CMTS 30 sends the transmission parameters to the cable modems 28 as TLV 
encoded channel descriptors 122 or as TLV encoded burst descriptors 124. TLV encoding is 
known to those skilled in the art. A selection of parameters for the overall channel and the bursts 
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are given in Table 3 above. The CMTS 30 encodes these parameters as channel or burst 
descriptors and incorporates them into a UCD message 110 to reconfigure one or more cable 
modems 28. In response, a cable modem 28 reads the UCD message 110, determines if there are 
any changes in the parameters that describe its upstream channel, and determines if there are any 
changes in the parameters that describe its burst descriptor. The cable modem 28 reconfigures 
itself to transmit data according to these parameters. However, it should be understood that other 
field structures and values for the UCD message 1 10 might be used for the present invention. 

When the CMTS 30 changes the data transmission parameters for an upstream channel, it 
builds a UCD message 110 with channel and/or burst descriptors that correspond to the new 
parameters. The UCD message 1 10 is sent on the downstream channel 26 to the cable modems 
28. The CMTS 30 also sends out a corresponding MAP message 80. The burst descriptors in 
the UCD message 110 correspond to the IUC fields 102 of the MAP Information Elements 100 
of the MAP message 80. As each cable modem 28 transmits on the upstream channel it may be 
doing so according to data transmission parameters that are different from other cable modems 
28. In this manner, the cable modems 28 within an upstream usage interval may alternately 
transmit data packets to the CMTS 30 according to independent data transmission parameters. 
Cable plant architecture 

FIG. 7 is a block diagram illustrating a typical architecture 130 for the cable plant in the 
data-over-cable system 16 depicted in FIG. 1. The CMTS 30 generates a single downstream 
signal, which is converted to optical signals by optical transmitters 132-136 and distributed by 
optical fiber arranged in fiber bundles 138-142 to geographically isolated O/E nodes 144-148. 
Each of the O/E nodes 144-148 serves a branch of the HFC network. Each O/E node 144-148 
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converts its optical signals to RF signals, and distributes the RF signals to the cable modems 28 
that are served by the O/E node 144-148. 

In the opposite transmission direction, the cable modems 28 on each branch transmit RF 
signals upstream to their associated O/E node 144-148, where the upstream RF signals are 
5 separated from the downstream RF signals by high-low pass filters 150-154 and are converted to 
optical signals. The HFC network maintains the physical separation of the signals on each 
branch. Each O/E node 144-148 transmits the upstream optical signals through a separate fiber 
bundle 138-142 to associated optical receivers 156-160 at the head-end 18 of the data-over-cable 
system 16. The CMTS 30 receives the separated upstream optical signals from the respective 

□ 10 optical receivers 156-160 and typically processes each upstream signal independently of the 

J] 

^ other. 

SJ 

^ In the most common arrangement, the operator of the data-over-cable system 16 typically 

SB 

,n configures the upstream signals for different branches to operate on the same frequency. The 
y> rationale for using the same frequency is that bandwidth may be restrictive but the signals from 
bi 15 different branches are physically isolated from each other on different fiber bundles 138-142. 
Q Typically, therefore, the upstream transmission bursts from different branches do not interfere. 
Because the upstream signals from the separate branches are independent, but all branches are 
served by the common downstream channel, the branches are distinguished by having different 
values for the upstream channel identifiers that are placed in the upstream channel identifier 
20 fields 84, 114 of the MAP message 80 and the UCD message 110. Each cable modem 28 
therefore receives the MAP messages 80 and the UCD messages 110 for all branches from the 
common downstream channel but responds only to those messages that contain the upstream 
channel identifier for the branch to which it is connected. 
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Cable modem initialization and registration 

The CMTS 30 schedules and configures cable modem 28 data transmissions as discussed 
above. However, when a new cable modem 28 joins the data-over-cable system 16, it must 
undergo initialization and registration procedures before the data-over-cable system 16 permits it 
5 to transmit data. An initialization procedure is described in the DOCSIS specification and 
typically includes: scanning for a downstream channel and establishing synchronization with the 
CMTS 30; obtaining upstream transmission parameters from a UCD 110 message; ranging; 
establishing IP 58 connectivity; establishing the time of day; transferring operational parameters; 
and initializing Baseline Privacy. 
O 10 As part of the initialization procedure, the cable modem 28 searches for a downstream 

2 4 channel. Typically, the cable modem 28 stored its parameters, such as the frequency of the last 

3 

J: accessed downstream channel, in non-volatile memory during its last operation. The cable 

5 

modem 28 tries to reacquire this downstream channel, but if it fails then the cable modem 28 
M: typically scans the downstream frequency band until it finds a downstream signal with which it 

y 15 may synchronize. 

Q 

S Once it synchronizes with the downstream channel, the cable modem 28 monitors the 

o 

channel and searches for UCD messages 110. When a cable modem 28 is installed on the 
network for the first time, however, it has no prior information concerning on which branch it is 
installed. To determine the branch, the cable modem 28 collects the UCD messages 1 10 which 
20 are sent within the downstream signal. The branches are distinguished by different values in the 
upstream channel identifier field 1 14 in the UCD message 110. The cable modem 28 attempts to 
communicate with the CMTS 30 by transmitting according to each UCD message 110 which it 
has received. 



Each UCD message 110 may contain the data transmission parameters for an upstream 
channel upon which the cable modem 28 may transmit data to the CMTS 30. Once the cable 
modem 28 has selected a suitable UCD message 110 and configured itself to transmit on the 
corresponding upstream channel as identified in the upstream channel identifier field 114, the 
cable modem 28 enters a ranging phase. 

The ranging phase discerns a timing offset such that the cable modem's 28 transmissions 
are aligned to the appropriate mini-slot boundary. Ranging adjusts each cable modem's 28 
timing offset such that data bursts transmitted by the cable modem 28 arrive at the CMTS 30 at 
the correct instant in time. The cable modem 28 transmits prematurely by an amount equal to the 
timing offset to ensure that the signal arrives at the CMTS 30 just when it is expected. Other 
transmission parameters, such as transmitted power from the cable modem 28, are also adjusted 
during the ranging phase. 

First, the cable modem 28 monitors MAP messages 80 and looks for a MAP message 80 
whose upstream channel identifier field 84 value is the same as that for the upstream channel 
identifier field 114 of the selected UCD message 110. As described above in relation to FIG. 5, 
the MAP Information Elements 100 designate intervals for cable modem 28 transmission within 
the usage interval covered by the MAP message 80. Each MAP Information Element 100 
corresponds to a transmission interval, identifies which cable modem 28 is permitted to transmit 
in the interval using a Service Identifier 76 for the cable modem 28, specifies what type of 
transmission is permitted using an Interval Usage Code 102, and tells the cable modem 28 when 
to begin transmission using an offset 104. As described above and in DOCSIS, the types of 
permitted transmission for the interval include a short data grant and a long data grant. 
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Additionally, the IUC 102 may indicate that the interval is to be used for ranging in an Initial 
Maintenance or Station Maintenance as is known to those skilled in the cable modem art. 

The cable modem 28 finds a MAP Information Element 100 in the MAP message 80 that 
has an IUC 102 indicating an Initial Maintenance interval. The CMTS 30 has reserved this time 
5 interval for receiving ranging signals from any cable modems 28 that are initializing on this 
particular upstream channel. The cable modem 28 has also reserved this time interval for 
starting its ranging phase. The Initial Maintenance interval is a contention interval and many 
cable modems 28 on the upstream channel may also use this interval to start ranging. During this 
interval, the SID 76 for the Initial Maintenance interval in the MAP Information Elements 100 is 
Q 10 typically a broadcast/multicast SID 76. This SID 76 is acceptable because the cable modems 28 

Jj have not yet registered and so the cable modems 28 have not yet been assigned SIDs 76 by the 

i y 

^ CMTS 30. 

■=? 

£71 

J When the Initial Maintenance interval occurs for the upstream channel corresponding to 

U the upstream channel identifier in the MAP message 80 and the UCD message 110, the cable 

L 

W 15 modem 28 sends a ranging request ("RNG-REQ") message upstream to the CMTS 30. FIG. 8 is 
y a block diagram illustrating a preferred structure of a RNG-REQ message 170. The Ranging 
Request message 170 includes a MAC management header field 172, a service identifier field 
76, a downstream channel identifier field 174, and a pending till complete field 176. 
Descriptions for the RNG-REQ message 170 fields are shown in Table 5. 
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RNG-REQ message 170 
Parameter 


Description 


MAC Management 
Message Header 172 


The header of this message 
identifying it as a Ranging Request 
message. 


SID 76 


For RNG-REQ messages 
transmitted in Initial Maintenance 
intervals: 

1 . Initialization SID if cable modem 
28 is attempting to join the 
network; 

2. Initialization SID if cable modem 
28 has not registered and is 
changing downstream channels; 

3. Temporary SID if cable modem 
28 has not yet registered and is 
changing upstream channels; 
and 

4. Registration SID if cable modem 
28 is registered and is changing 
upstream channels. 

For RNG-REQ messages 
transmitted in Station Maintenance 
intervals: 

Assigned SID. 


Downstream Channel 
ID 174 


The identifier of the downstream 
channel on which the cable modem 
28 received the initial UCD 
message 110. 


Pending Till Complete 
176 


If zero, all previous Ranging 
Response attributes have been 
applied prior to transmitting this 
RNG-REQ. 

In non-zero, this is the time 
estimated to be needed to complete 
assimilation of ranging parameters. 



Table 5 



The initialization SID 76 that the cable modem 28 places in the SID 76 field of the RNG- 
message 170 is typically zero. This indicates to the CMTS 30 that the cable modem 28 has 



not registered before. If the SID 76 is non-zero, the CMTS 30 assumes that the cable modem 28 
has previously undergone initialization but on another upstream channel. 

In response to receiving the RNG-REQ message 170 from the cable modem 28, the 
CMTS 30 transmits a Ranging Response ("RNG-RSP") message 180. FIG. 9 is a block diagram 
5 illustrating a preferred structure of a RNG-RSP message 180. The Ranging Response message 
180 includes a MAC management header field 182, a service identifier field 76, an upstream 
channel identifier field 184, and a TLV encoded ranging information field 186. Descriptions for 
the RNG-RSP message 180 fields are shown in Table 6. 



n 
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RNG-RSP message 180 
Parameter 


Description 


MAC Management 
Message Header 182 


The header of this message 
identifying it as a Ranging 
Response message. 


SID 76 


For RNG-REQ messages 
transmitted in Initial Maintenance 
intervals that had an initialization 
SID: 

Assigned temporary SID. 

For RNG-REQ messages not 
transmitted in Initial Maintenance 
intervals that had an initialization 
SID: 

Same SID as in RNG-REQ. 

If instructing cable modem 28 to 
move to a different channel: 
Initialization SID. 


Upstream Channel ID 
184 


The identifier of the upstream 
channel on which the CMTS 30 
received the RNG-REQ message. 


TLV encoded ranging 

information 

186 


Includes: 

1. Timing adjust information; 

2. Power adjust information; 

3. Frequency adjust information; 

4. cable modem 28 transmitter 
equalization information; 

5. Ranging status; 

6. Downstream frequency override; 
and 

7. Upstream channel ID override. 



Table 6 



During the initial ranging, the RNG-RSP message 180 contains a temporary SID 76 for the cable 
modem 28. This SID 76 identifies the cable modem 28 to the CMTS 30 until it has completed a 
registration process. The RNG-RSP message 180 also includes information on RF power 
adjustments, transmission frequency adjustments, and offset timing adjustments that the cable 
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modem 28 should adopt so as to improve communications from the cable modem 28 to the 
CMTS 30. 

In response to the RNG-RSP message 180, the cable modem 28 monitors the downstream 
channel and again examines the MAP messages 80. In particular, the cable modem 28 looks for 
5 a MAP Information Element 100 in the MAP messages 80 for the selected upstream channel that 
has an IUC 102 indicating a Station Maintenance interval and an associated SID 76 field 
containing the temporary SID 76 assigned to the cable modem 28. The CMTS 30 has reserved 
this time interval for receiving ranging signals from only the cable modem 28 associated with the 
temporary SID 76. 

Q 10 When the appropriate Station Maintenance interval occurs, the cable modem 28 sends 

another RNG-REQ message 170 upstream to the CMTS 30. In return, the CMTS 30 returns a 

ru 

^ RNG-RSP message 180 with appropriate corrections to the transmission parameters in the 
ranging information field 186. The sequence of RNG-REQ 170 and RNG-RSP 180 is repeated 
jd, until the CMTS 30 sends a RNG-RSP message 180 notifying the cable modem 28 that the 
uJ 15 ranging is successful. 

S FIG. 10 is a block diagram illustrating a typical message flow 190 during cable modem 

28 initialization. The CMTS 30 sends a UCD message 110 downstream describing the 
parameters for transmission on the particular upstream channel identified in the upstream 
channel identifier field 114. The cable modem 28 receives the UCD message 110, extracts the 
20 transmission parameters from the UCD message 110, and configures itself to transmit on the 
particular upstream channel with these parameters at step 194. The cable modem 28 then 
monitors the downstream channel for a MAP message 80 with the same value of the identifier 
for the upstream channel in its upstream channel identifier field 84. When the cable modem 28 
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receives such a MAP message 80, the cable modem 28 determines when the next Initial 
Maintenance interval will occur at step 198. 

During the Initial Maintenance interval 200, the cable modem 28 sends a RNG-REQ 
message 170 upstream to the CMTS 30. The RNG-REQ message 170 may have its SID field 76 
set to zero to indicate that the cable modem 28 is initializing. The CMTS 30 receives the RNG- 
REQ message 170 and selects a temporary SED for the cable modem 28 at step 204. The CMTS 
30 sends a RNG-RSP message 180 with this temporary SED to the cable modem 28. The cable 
modem 28 adopts this temporary SID as its identifier at step 208. 

The cable modem 28 waits for another MAP message 80 for the upstream channel that 
includes a MAP information element 100 for a Station Maintenance interval for the temporary 
SID at step 212. When this Station Maintenance interval arrives at step 214, the cable modem 28 
transmits another RNG-REQ message 170 upstream to the CMTS 30. In response, the CMTS 30 
determines adjustments to the cable modem 28 transmission parameters at step 218 and transmits 
the parameters to the cable modem 28 in a RNG-RSP message 180. The cable modem 28 
receives the RNG-RSP message 180 and correspondingly adjusts its transmission parameters at 
step 222. 

Unfortunately, the cable modem's 28 attempts to range may interfere with legitimate 
upstream transmissions. For example, if the initializing cable modem 28 is on Branch A of FIG. 
7 but first receives a UCD message 1 10 on the common downstream channel with the upstream 
channel identifier for Branch B, the cable modem 28 will attempt to range as if it were on Branch 
B. First, the cable modem 28 will configure its transmission parameters according to the TLV- 
encoded descriptors 122, 124 of the Branch B UCD message 110. The cable modem 28 will 
then wait for a MAP message 80 containing the upstream channel identifier for Branch B. Once 
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it receives such a MAP message 80, the cable modem 28 examines the IUC 102 fields for an 
Initial Maintenance interval. When the Initial Maintenance interval occurs, the cable modem 28 
will attempt to communicate with the CMTS 30. The initial maintenance interval for Branch B, 
however, may coincide with an interval on Branch A that is reserved for data transmission. 
Therefore, the initializing cable modem 28 may interfere with all other cable modems 28 on 
Branch A because the data transmissions are at a common frequency and the cable modem 28 is 
transmitting according to the wrong MAP message 80. 
Alignment of Initial Maintenance intervals 

FIG. 11 is a flow diagram illustrating a preferred method 250 for reducing interference 
from initializing network devices. The method 250 includes aligning multiple maintenance 
intervals at step 252. Each of the maintenance intervals is associated with a corresponding 
upstream channel. At step 254 the initializing network devices are instructed to range during the 
aligned maintenance intervals. 

The above problem of an initializing cable modem 28 interfering with legitimate data 
transmissions from other cable modems 28 due to upstream channel ambiguities may be resolved 
by scheduling the Initial Maintenance intervals for all upstream channels to occur 
simultaneously. Thus, if a cable modem 28 on one branch ranges according to the timing for 
another branch, the RNG-REQ messages 170 will not interfere with data transmissions because 
no other cable modems 28 have been scheduled to transmit data in this common Initial 
Maintenance interval. The lack of collisions between ranging messages and data transmissions 
may result in fewer retransmissions of ranging messages on the one channel and fewer 
retransmissions of data on the other channel. 
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Upon receiving the RNG-REQ messages 170, the CMTS 30 typically sends a RNG-RSP 
message 180 to the cable modem 28. The upstream channel identifier field 184 of the RNG-RSP 
message 180 contains the identifier for the branch of the HFC network on which the CMTS 30 
received the RNG-REQ message 170. The CMTS 30 determines on which branch it received the 
RNG-REQ message 170 by determining which optical receiver 150-156 received the RNG-REQ 
message 170. Upon receipt of the RNG-RSP message 180 from the CMTS 30, the cable modem 
28 may determine that the upstream channel identifier field 184 contains a different identifier 
from the content of the upstream channel identifier field 1 14 of the UCD message 110 and MAP 
message 80 it originally used for configuration. The cable modem 28 may then cease using the 
UCD message 110 and MAP message 80 it had erroneously adopted and instead reconfigure 
itself according to the UCD messages 110 and MAP messages 80 appropriate for the newly 
received identifier from the RNG-RSP message 180. This procedure may result in a quicker 
registration time for cable modems 28. 

A scheduling program on the CMTS 30 determines a sequence of intervals for 
transmission on the upstream channels and determines the type of transmissions that may occur 
during the intervals. In response, the CMTS 30 builds a MAP message 80 for each upstream 
channel and transmits them downstream to the cable modems 28. The scheduling program may 
therefore include a routine for aligning the Initial Maintenance intervals for the upstream 
channels because it determines the MAP messages 80 for all the upstream channels. It should be 
understood, however, that the preferred embodiments are not limited to aligning Initial 
Maintenance intervals and that other types of upstream transmissions, such as Station 
Maintenance intervals or combinations of Station Maintenance and Initial Maintenance intervals, 
may be aligned to reduce interference from initializing cable modems 28. 
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In accordance with the DOCSIS standard, the CMTS 30 schedules the Initial 
Maintenance intervals according to cycles of a system clock. Typically, the CMTS 30 has a 
10.24 MHz system clock. The CMTS 30 derives the mini-slots for upstream transmission 
opportunities by dividing the system clock by a power of two. For example, from the 10.24 
5 MHz system clock, the CMTS 30 may derive mini-slots of duration: 12.5 us, 25 [is, 50 us, 100 
|as, 200 |is, 400 (is, or 800 (is. Also, the CMTS 30 may count mini-slots by examining upper bits 
of the system clock. For example, if the system clock is a 32-bit clock that increments at the 
10.24 MHz rate, the eighth highest bit cycles every 12.5 [is, the ninth highest bit cycles every 25 
jlxs, and so on down to the fourteenth highest bit, which cycles every 800 jus. Thus a count of 
10 mini-slots may be achieved by examining the cycling of one bit of the system clock. It should be 
understood, however, that the present invention is not limited to counting mini-slots by 
examination of bits of the system clock, or that the preferred methods are restricted to data-over- 



Q 
01 

yg cable systems with a system clock. Other methods for counting mini-slots and other 
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M, configurations of clocks are contemplated. 

bj 15 The CMTS 30 may schedule upstream channel transmissions according to differing mini- 

o 

S slot sizes. For example, with reference to Fig. 7, the CMTS 30 may schedule upstream 

3 I 

transmissions from cable modems 28 on Branch A according to a 50 ^s mini-slot size, while 
scheduling upstream transmissions from cable modems 28 on Branch B according to a 200 (is 
mini-slot size. Additionally, upstream transmission on each branch may occur according to 
20 different symbol rates. For example, with reference to Table 3, the symbol rate of upstream 
transmissions on Branch B may be 160 ksym/s, while the symbol rate of upstream transmissions 
on Branch C may be 640 ksym/s. In one configuration of the data-over-cable system 16, all the 
upstream channels share a common symbol rate and mini-slot size. In another configuration, 
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however, the cable modems 28 on each upstream branch may transmit according to different 
symbol rates and/or mini-slot sizes compared to cable modems 28 on another branch. Alignment 
for both situations in which the symbol rates and/or mini-slot sizes differ or are shared are 
described below. 

Alignment when the symbol rates and mini-slot sizes are shared 

FIG. 12 is a flow diagram illustrating a preferred method 260 for aligning multiple 
maintenance intervals at step 252 of the method 250 above. The method 260 of FIG. 12 is 
preferred when the upstream channels share a common symbol rate and mini-slot size. The 
method 260 includes determining a measure of common maintenance start time for the multiple 
maintenance intervals at step 262. At step 264, the CMTS 30 decides whether the measure of 
common maintenance start time falls within multiple usage intervals. Each of the multiple usage 
intervals is associated with an upstream channel. When the measure of common maintenance 
start time falls within the multiple usage intervals, the CMTS 30 schedules the maintenance 
intervals to start at the measure of common maintenance start time at step 266. 

Typically, the CMTS 30 schedules periodic Initial Maintenance intervals. A preferred 
period for the Initial Maintenance intervals is a basic insertion time, measured in seconds, and is 
a configurable parameter of the data-over-cable system 16. By dividing by the mini-slot size, 
measured in seconds, the basic insertion time corresponds to an integral number of Tb mini-slots. 
It should be understood, however, that the period for the Initial Maintenance intervals is not 
limited to the basic insertion time and that other scheduling periods may be used, such as 
scheduling an Initial Maintenance interval during every alternate MAP message 80. 

The CMTS 30 constructs MAP messages 80 for the upstream channels of the data-over- 
cable system 16, which designate order, duration, and types of transmissions from the cable 
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modems 28. In general, each MAP message 80 need not designate a series of transmission 
intervals that jointly occupies a common number of mini-slots; the total number of mini-slots for 
upstream transmissions, represented by the MAP Information Elements field 100, may vary from 
MAP message 80 to MAP message 80 and from upstream channel to upstream channel. 

To determine whether the CMTS 30 may schedule an aligned Initial Maintenance interval 
in the MAP messages 80 for each upstream channel, the CMTS 30 calculates that the aligned 
Initial Maintenance interval should start at a time corresponding to an integral number of T B 
mini-slots. As the CMTS 30 system clock provides the present time, corresponding to an 
integral number of Tp mini-slots, the CMTS 30 calculates that the aligned Initial Maintenance 
interval should start at a time as illustrated in Equation (1): 

Tim = T P + T B - T P mod(T B ) ( 1 ) 

measured in mini-slots. Equation (1) employs modular arithmetic as is familiar to those of 
ordinary skill in the art. The CMTS 30 therefore schedules the aligned Initial Maintenance 
intervals for each upstream channel to start at multiples of T B mini-slots, if such an alignment is 
possible. 

In one embodiment, the units for the time calculations disclosed herein are measured in 
mini-slots. In an alternative embodiment, the units for the time calculations disclosed herein are 
measured in seconds. In yet another embodiment, the units for the time calculations disclosed 
herein are measured in numbers of cycles of the system clock. It should be understood, however, 
that the units are not limited to measuring time in seconds, numbers of mini-slots for an upstream 
channel, or numbers of cycles of the system clock, and that other units for measurement of time 
are possible for each upstream channel. 
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If the scheduled start of the aligned Initial Maintenance interval falls within the usage 
interval allocated by the next MAP message 80 for each upstream channel, the CMTS 30 may 
insert an element corresponding to an Initial Maintenance interval into the MAP Information 
Elements 100 of the next MAP message 80 for each upstream channel with an appropriate offset 
5 104. To determine whether the element corresponding to an Initial Maintenance interval may be 
inserted into the next MAP message 80 for a particular upstream channel, the CMTS 30 
determines whether the common start time for the Initial Maintenance interval occurs within the 
upstream channel's usage interval. Thus the CMTS 30 determines whether Tim occurs after the 
allocation start time 90 of the next MAP message 80, Ts mini-slots, but before the end of usage 
O 10 interval allocated by this MAP message 80. Each upstream channel may have a different value 
for Ts and the CMTS 30 may select Ts for each upstream channel so that the transmissions 

r i | 

~! allocated by the next MAP message 80 do not overlap remaining transmissions allocated by the 
j| previous MAP message 80. The CMTS 30 may insert the element corresponding to the Initial 



Maintenance interval if the scheduled start time satisfies the expression as illustrated in Equation 



where L M ap is the length in mini-slots of the entire usage interval associated with the MAP 
message 80 for the upstream channel. Each upstream channel may have a different value for the 
number of mini-slots of transmission allocated by the MAP message 80, L M ap- If Tim does not 
20 satisfy Equation (2) for all the upstream channels, the CMTS 30 schedules intervals for data 
grants, Station Maintenance, Request messages, and other upstream transmissions, but not Initial 
Maintenance, according the scheduler program. The CMTS 30 then constructs MAP 



Li 15 (2): 



Ts < Tim < Ts + Lmap 



(2) 
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Information Elements 100 corresponding to the scheduled intervals, and transmits MAP 
messages 80 for the upstream channels to the cable modems 28. 

If the start time of the aligned Initial Maintenance interval falls within the usage interval 
allocated by the next MAP message 80 for each of the upstream channels according to Equation 
(2), the CMTS 30 schedules a common, aligned Initial Maintenance interval to commence at 
time Tim for all upstream channels. The CMTS 30 also schedules the other types of upstream 
transmissions for each upstream channel to occur before and after their respective Initial 
Maintenance intervals. In particular, the CMTS 30 schedules (Tim - Ts) mini-slots before the 
Initial Maintenance interval for upstream transmissions on each upstream channel. Provided this 
number of mini-slots is sufficiently large to accommodate one or more types of upstream 
transmissions, the CMTS 30 constructs the appropriate MAP Information Elements 100 for each 
upstream channel corresponding to the scheduled intervals. 

Also, the CMTS 30 schedules a certain number of mini-slots after the Initial Maintenance 
interval for upstream transmissions on each of the upstream channels. If the length of the Initial 
Maintenance interval in mini-slots is Li M for the upstream channel, the number of mini-slots after 
the Initial Maintenance interval is given by the expression as illustrated in Equation (3): 

max (0, T s + L MA p - [Tim + Li M ]) (3) 
Each upstream channel may have a different value for the number of mini-slots in an Initial 
Maintenance interval, Li M . Provided the number of mini-slots after the Initial Maintenance 
interval is sufficiently large to accommodate one or more types of upstream transmissions, the 
CMTS 30 constructs the appropriate MAP Information Elements 100 corresponding to the 
scheduled intervals for each upstream channel. In this manner, the CMTS 30 aligns the Initial 
Maintenance intervals for the upstream channels, and schedules other types of upstream 
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transmissions on each upstream channel outside of the aligned Initial Maintenance interval 
common to all the upstream channels but within the usage intervals for each of the upstream 
channels. 

Having aligned the Initial Maintenance intervals for the upstream channels, an initializing 
5 cable modem 28 may not interfere with legitimate upstream transmissions from other cable 
modems 28. An initializing cable modem 28 in the data-over-cable network system 16 may 
receive a UCD message 1 10 and a MAP message 80 for an upstream channel that is associated 
with another branch of the cable plant. After determining the Initial Maintenance interval from 
the MAP message 80, the initializing cable modem 28 may attempt to range at the wrong time 

10 for its branch. As the CMTS 30 has aligned the Initial Maintenance intervals, however, the 
ranging messages from the initializing cable modem 28 will not collide with other types of 
messages transmitted upstream on the branch. 
Alignment when the symbol rates and/or mini-slot sizes vary 

Typically, the mini-slot size or the symbol rate may be different for each upstream 

15 channel. For example, an upstream channel with a low symbol rate and a large mini-slot size 
may have an Initial Maintenance interval that lasts much longer than an Initial Maintenance 
interval for another upstream channel having a high symbol rate and small mini-slot size. In this 
case, the CMTS 30 may schedule one Initial Maintenance interval for the former upstream 
channel and simultaneously schedule many consecutive Initial Maintenance intervals for the 

20 latter upstream channel. 

FIG. 13 is a flow diagram illustrating a preferred method 270 for aligning multiple 
maintenance intervals at step 252 of the method 250 shown in FIG. 11. The method 270 shown 
in FIG. 13 is preferred when the upstream channels do not share a common symbol rate and/or 
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mini-slot size. The method 260 includes determining a measure of common maintenance start 
time for the multiple maintenance intervals at step 272. At step 274, the CMTS 30 identifies a 
longest maintenance interval from the multiple maintenance intervals. The length of a 
maintenance interval may be different for each upstream channel and, if so, the longest is 
identified. The CMTS 30 calculates a number of maintenance intervals that can occur during the 
longest maintenance interval for each upstream channel at step 276. In this manner, all upstream 
channels may simultaneously experience maintenance intervals for a period of the longest such 
interval. At step 278, the CMTS 30 decides whether the measure of common maintenance start 
time falls within multiple usage intervals. Each of the multiple usage intervals is associated with 
an upstream channel. When the measure of common maintenance start time falls within the 
multiple usage intervals, for each upstream channel of the plurality of upstream channels, the 
CMTS 30 schedules the number of maintenance intervals to start at the measure of common 
maintenance start time at step 280. 

As was the case above where the mini-slot size and symbol rates were common to all 
upstream channels, the period for the Initial Maintenance intervals is preferably a basic insertion 
time, measured in seconds, and is a configurable parameter of the data-over-cable system 16. By 
dividing by the mini-slot size for each upstream channel, measured in seconds, this basic 
insertion time corresponds to T B mini-slots in each upstream channel's measure of mini-slots. 
The number of mini-slots, Tb, may vary amongst upstream channels because of the differing 
mini-slot sizes, but each upstream channel's number of mini-slots corresponds to the same value 
for the basic insertion time as measured in seconds. It should be understood, however, that the 
period for the Initial Maintenance intervals is not limited to the basic insertion time and that 
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other scheduling periods may be used, such as scheduling an Initial Maintenance interval during 
every alternate MAP message 80 for the upstream channel. 

To determine whether the CMTS 30 may schedule aligned Initial Maintenance intervals 
in the MAP messages 80 for each upstream channel, the CMTS 30 calculates that the aligned 
Initial Maintenance interval for each upstream channel should start at a time corresponding to a 
number Ti M mini-slots in the upstream channel's measure of mini-slots. As the CMTS 30 system 
clock provides the present time, corresponding to a number Tp mini-slots in the upstream 
channel's measure of mini-slots, the CMTS 30 calculates that the aligned Initial Maintenance 
interval should start at a time as illustrated in Equation (4): 

Tim = T P + T B - T P mod(T B ) (4) 
for each upstream channel in the upstream channel's measure of mini-slots. 

In one embodiment, the units for the time calculations disclosed herein are measured in 
numbers of mini-slots corresponding to the mini-slot size for each upstream channel. In an 
alternative embodiment, the units for the time calculations disclosed herein are measured in 
seconds. In yet another embodiment, the units for the time calculations disclosed herein are 
measured in numbers of cycles of the system clock. It should be understood, however, that the 
units are not limited to measuring time in seconds, numbers of mini-slots for an upstream 
channel, or numbers of cycles of the system clock, and that other units for measurement of time 
are possible for each upstream channel. 

To ensure that a sufficiently long period is set aside for aligned Initial Maintenance on all 
upstream channels, the CMTS 30 determines which upstream channel's Initial Maintenance 
interval is longest in duration. For example, the CMTS 30 may multiply the length of the Initial 
Maintenance interval for an upstream channel, Lim measured in mini-slots for this upstream 
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channel, by the duration of each of the upstream channel's mini-slot to convert the length of the 
Initial Maintenance interval to seconds. By comparing the length of the Initial Maintenance 
intervals in seconds, the CMTS 30 may determine which upstream channel has the longest Initial 
Maintenance interval. The length of the longest Initial Maintenance interval is Xim MAX measured 
in seconds, which may be converted to a number of mini-slots for each upstream channel by 
dividing by that upstream channel's mini-slot size. 

In the upstream channel that has the longest Initial Maintenance interval, Lim MAX mini- 
slots as measured in the mini-slot size for that upstream channel, the CMTS 30 may schedule 
only one Initial Maintenance interval. In each other upstream channel, however, the CMTS 30 
may simultaneously schedule one or more Initial Maintenance intervals because the length of the 
Initial Maintenance interval for the upstream channel, Lim, is less than Li M MAX mini-slots as 
measured in the mini-slot size for the upstream channel. The number of mini-slots for each 
channel, Lim MAX , may be different for each upstream channel after converting X IM MAX seconds to 
the number of mini-slots on the upstream channel by dividing by the mini-slot size for that 
channel. 

The number of Initial Maintenance intervals that may occur on each upstream channel 
during the longest Initial Maintenance interval is the integer part of the number of that upstream 
channel's mini-slots for the longest Initial Maintenance interval divided by the number of the 
upstream channel's mini-slots for its Initial Maintenance interval and is illustrated in Equation 



(5): 



Nim = int(LiM 



MAX 



/ Lim) 



(5) 
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Thus, for example, the CMTS 30 may schedule one Initial Maintenance interval on the upstream 
channel that has the longest Initial Maintenance interval, and may simultaneously schedule Nim 
Initial Maintenance intervals for each other upstream channel. 

If the scheduled start of the aligned Initial Maintenance interval, Tim for each upstream 
5 channel, falls within the usage interval allocated by the next MAP message 80 for the upstream 
channel, the CMTS 30 may insert elements corresponding to one or more Initial Maintenance 
intervals into the MAP Information Elements 100 of the next MAP message 80 for each 
upstream channel with appropriate offsets 104. To determine whether the elements 
corresponding to Initial Maintenance intervals may be inserted into the next MAP message 80 
10 for a particular upstream channel, the CMTS 30 determines whether the common start time for 
the Initial Maintenance intervals occurs within each upstream channel's usage interval. Thus the 
^ CMTS 30 determines whether Ti M occurs after the allocation start time 90 of the next MAP 
%L message 80, T s mini-slots, but before the end of usage interval allocated by this MAP message 
L= 80. Each upstream channel may have a different value for T s and the CMTS 30 may select T s 

Li. 

3 — 

y 15 for each upstream channel so that the transmissions allocated by the next MAP message 80 do 

O 

Q not overlap remaining transmissions allocated by the previous MAP message 80. The CMTS 30 

: : 

may insert the element corresponding to the Initial Maintenance interval if the scheduled start 
time satisfies the expression as illustrated in Equation (6): 

Ts < Tim < Ts + L M ap (6) 
20 where L M ap is the length in mini-slots of the entire usage interval allocated by the MAP message 
80 for the upstream channel. Each upstream channel may have a different value for the number 
of mini-slots of transmission allocated by the MAP message 80, L M ap- If Tim does not satisfy 
Equation (6) for all the upstream channels, the CMTS 30 schedules intervals for data grants, 
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Station Maintenance, Request messages, and other upstream transmissions, but not Initial 
Maintenance, according to the scheduler program. The CMTS 30 then constructs MAP 
Information Elements 100 corresponding to the scheduled intervals, and transmits MAP 
messages 80 for the upstream channels downstream to the cable modems 28. 

If the start time of the aligned Initial Maintenance interval falls within the transmission 
time allocated by the next MAP message 80 for each of the upstream channels according to 
Equation (6), the CMTS 30 schedules a common, aligned Initial Maintenance interval to 
commence at time Ti M for all upstream channels. For each upstream channel, the CMTS 30 
schedules Ni M Initial Maintenance intervals to occur consecutively on the upstream channel, and 
the CMTS 30 constructs the appropriate MAP Information Elements 100 for the upstream 
channel corresponding to the scheduled intervals. 

The CMTS 30 also schedules the other types of upstream transmissions for each 
upstream channel to occur before and after their respective Initial Maintenance intervals. In 
particular, the CMTS 30 schedules (Ti M - T s ) mini-slots before the Initial Maintenance interval 
for upstream transmissions on each upstream channel. Provided this number of mini-slots is 
sufficiently large to accommodate one or more types of upstream transmissions, the CMTS 30 
constructs the appropriate MAP Information Elements 100 for each upstream channel 
corresponding to the scheduled intervals. 

Also, the CMTS 30 schedules a certain number of mini-slots after the Initial Maintenance 
intervals for upstream transmissions on each of the upstream channels. As the length of the Nim 
Initial Maintenance intervals in mini-slots is Li M MAX for the upstream channel, the number of 
mini-slots after the Initial Maintenance interval is given by the expression as illustrated in 
Equation (7): 
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max (0, T s + L MA p - [T, M + Lim ]) (7) 
Provided the number of mini-slots after the Initial Maintenance interval is sufficiently large to 
accommodate one or more types of upstream transmissions, the CMTS 30 constructs the 
appropriate MAP Information Elements 100 corresponding to the scheduled intervals for each 
upstream channel. In this manner, the CMTS 30 aligns the Initial Maintenance intervals for the 
upstream channels, and schedules other types of upstream transmissions on each upstream 
channel outside of the aligned Initial Maintenance interval common to all the upstream channels 
but within the usage intervals for each of the upstream channels. 

Having aligned the Initial Maintenance intervals for the upstream channels, an 
initializing cable modem 28 may not interfere with legitimate upstream transmissions from other 
cable modems 28. An initializing cable modem 28 in the data-over-cable network system 16 
may receive a UCD message 110 and MAP message 80 for an upstream channel that is 
associated with another branch of the cable plant. Even though the cable modem 28 transmits 
with an inappropriate mini-slot size and/or symbol rate, after determining the Initial Maintenance 
interval from the MAP message 80, the initializing cable modem 28 may attempt to range at the 
wrong time for its branch. As the CMTS 30 has aligned the Initial Maintenance intervals, 
however, the ranging messages from the initializing cable modem 28 will not collide with other 
types of messages transmitted upstream on the branch. 

It should be understood that the programs, processes, methods, systems and apparatus 
described herein are not related or limited to any particular type of computer apparatus (hardware 
or software), unless indicated otherwise. Various types of general purpose or specialized 
computer apparatus may be used with or perform operations in accordance with the teachings 
described herein. Although the network devices that communicate using the data-over-cable 
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system 16 have repeatedly been referred to herein as cable modems 28, it is to be understood that 
the term "network devices" includes any device that contains the foregoing functionality ascribed 
to the cable modem 28. Such functionality may be implemented in stand-alone devices, such as 
the cable modem 28 illustrated in FIG. 1, or incorporated into multi-purpose platforms, such as 
5 set-top boxes, personal computers, and the like. 

In view of the wide variety of embodiments to which the principles of the invention can 
be applied, it should be understood that the illustrated embodiments are exemplary only, and 
should not be taken as limiting the scope of the present invention. For example, the steps of the 
flow diagrams may be taken in sequences other than those described, and more or fewer 

Q 10 elements or component may be used in the block diagrams. 

iS 

N The claims should not be read as limited to the described order or elements unless stated 

i U 

^ to that effect. In addition, use of the term "means" in any claim is intended to invoke 35 U.S.C. 

J §112, paragraph 6, and any claim without the word "means" is not so intended. Therefore, all 

S 

embodiments that come within the scope and spirit of the following claims and equivalents 
hj 15 thereto are claimed as the invention. 
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